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Abstract of JP6205747 

PURPOSE:To provide a pulse wave analyzer 
having an inexpensive structure and 
measuring the circulatory dynamic parameters 
without damaging the body of a patient. 
CONSTITUTION:A microcomputer 4 detects 
the radial artery wave of a patient via a pulse 
wave detecting device 1 , performs a simulation 
based on this radial artery wave, i.e., the 
process to consolidate the values of elements 
of an electric circuit simulating the system from 
the central part to the peripheral region of the 
artery system of a human body so that the 
response wave-form coincides with the radial 
artery wave when the electric signal 
corresponding to the pressure wave at the 
start site of an aorta is applied, and the values 
of the elements obtained by this consolidation 
are outputted as circulatory dynamic 
parameters. 



m & 



ft EE 



mm 
m a 



Jl 



















- 



Data supplied from the esp@cenet database - Worldwide 



http://v3.espacenet.com/textdoc?DB=EPODOC&IDX=JP6205747&F=0 



8/30/2006 



(19)B*ffl#fW (JP) (12) & H| 4f f^p & $g (A) Gl)tttttttK&n#* 

#M¥6- 205747 

(43) B ¥)& 6 ^ (1994) 7 ^260 



(5i)int.ci. s wgnre ffmmm fi sff^ffsr 

A 6 1 B 5/0245 

7638 - 4C A6 1B 5/02 3 2 1 C 

7638 -4 C 3 10 K 



BSm* »*Btf>&6 OL (£18H) 



(2i)m^#^ 


4$S¥5-1431 




000002369 










(22)WSB 


¥*5*(1993)lfl7B 




%&mm&mm 2 tb 4 « 1 # 








^» fn0 








fi»»IRIfr«^lP3Ti3#5^ -fe-fa 














(72)^^# 










T=WWfiT|f«MfW 1-1-29 






(72)»»t 


5UJ t 








XWMt¥in^3-S-U 






C72)M#t 


ft* 








««/IIJM«RiW»K*f **3 -31-43 






(74)ft3A 





(54) [KM©**] IRttfltfrSfll 



(57) [£»] 

UMQ ^*Dn>fcf3.-* (4) mu MfflgfttfiS 
@ (1) ft^UT*#©»#»K»««H!b> 



jfo EE 



ay**-* 



(2) 




1 



BK©**?©*«*Hrt-**aT?»oT. ^KMBtt «wa»***tt«Tr©jfii*©«ttfc»*i/fc-f 

J: 5 fctfc«wg»©*«^ ©***)rr* *«ktXttE*«H»*P©Jli«B»»c«*:bfcJII 2 ©fittfc 

[W#3i2] MGKttMttl^S«^ftSniiA#©R l»©A*«PMfclWEJSl©JSa*J:rW>^^> 

«©M&««f £». 6 a: -s mmti,timmm tzim a nr& * mmrnm 

^©jrei5*Sfi»-r5E»*aSft«U MKMfcfc i»eA*^WlC*»JIRB»«©£E**K:»j£:bfc«a 

*K*^*ltE«»l3»©#3l5^©«*IIDjgbJI)rr 5 fcWEBH*»>|'Jfeftt5 i ;i'©**»ft»ftr**« 

S^tS^tTSBI^a 1 E«©«»Wt^Bo TfcD, 

meh#© i mftmss^m-rs i atttBs&m^a 20 a&£tfttx*es-3tvrmE)Bi ©m -r 

t. flHtgft&£z^2©&£ft©&ff&jKuu 

i/c. ;*-*iw?at, 

fc»l©m [»#«63 i9E*ftiWS««©BE*»fc»*bfc* 

«fE»»3R+««*P©Jfcii©iRttlCjf«:Lfc>f >^#* t LTR»© 1 ffl©fi2 taffcLfcHW t P 

>x. -r»«*»»e (t) sffiffl-rst)©TfeD. tmrnk 

MEftm* ««T©**©«ijwttc«*ufc#«*a. » e ( t ) a, t • i < t , £*£-r« t ,1 , m&fomz 

**U 50 «fc»«bfc«JE«E.fcJ|V»*£a:fcJ:D. 

1 »© Aa*?rofci»E* 1 ©««* aoh' 0 ^ t < t , 1 ©jurori. 

^A^ftSjt5iJIiIi»iirE»«$»feJ:t;®2©fiffi* e (t) =Eo + E. (1- (t/t.i)) 

"ttatEy/ptaaei/. e (t) =e» 

»EA**PWK*»i»ie««©E**fc»*ufc«a (t^$ns>b©T»s^t^«frsa!*«4 

t *KWE»«*«*«fct;» 2 ©Jgffi©M 5 Elt©JKttftftrgtt. 

6«nE*#»K*K««bfc«ftft#*m ens* Be«©&in&iB9i] 

M*±©fiJffl»»] £©«WttA#©«!SS*©l«r 

«rEiia*aa«fc*^T«nE-f>^^>^©«sj!c 4» K^3nsii»»*^*fcw-r«6. 

ffl U 8H >^ * >X©®, ttC4Ji1tnjltt»g©ftffl [0 0 0 2] 

«**t«*»lC*3t»T«WB*l©fflR. -f >^ [«£*©&*&] «818£©#tB£^»r-f5«-&, **>- 

n6©*a»***aift!B^9^-^ti/Tffl*-r*^ 5Jc»tv^»r$fT-5fc«&icttjfii^©!tette^n>^ 

f/EM#©jlii«Efi&«tH-r5jlliSK»»W#at, ilTH »KK:*t— 5r^S#AbBttMJE-r**ife 

Aft:©S(|lll*ffi^5*ffiffilC^S^'£^Lfc^7 ; >il/t 50 ^fctMlFftff-CIBttWtcaBrra^Ftt^Sofc. 
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[00 0 3] 

ai£©fc*©gefc*&a>0ftfc©£fc^TLS:5t^ 
[0 0 0 4] Z<D%W\*±MLfzm® iZ&frXtfZntz 

[00 0 5] 

SI#iillRSE&«ffl-rsjRft*ia^g:t, A#©iM© 

f*. »*«3K«SI8Wtt, ±E»3RSilfcfcSf89i 
tc£v>T, MGfPff^St:J:«IWS«ftlllK©#«?© 
*ffltJt*Eft-*-«Eft¥fttJlftU MGMtttttt# 

^mmmm&m^m\z& ^m^n^m^mmmz 
£&iBTs i m«w*^w^at. A#©»K+ffi6w» 

6*IB«fcS**S*L*:tx^fcl/T. MEi»* 
|g**C©A*«ittfcJ:*JliffSaftK:»*bfca 1 ©ffiK 
R«, WE»IR*it«««T©Jlii*©«ttlC^*L&-f> 

t«E»i»«t>«a5T©jiis©*!iaittfc»j6; 
1/&»«mc» *«fctfawB**«T©jii*iSttfc»is 

U&»2©fflftR»i**U l#©AA*prafcltte 
E#«M*J:r«l2©tsa^5«:*ifcJUIil»a:««)R* 

•5 CflaEiaSjWR1'3£* : E7*^©#3t**WJt-r**SI: 

©ItfcJMJU SK>^* *>*©*. WE«#»HR« 
#©aH«ft*,fctf«S*fcSr*i*Tl9ESi 1 ©ffitt. 

mu cn^©gfflig*s«ssiJ|y^^-^tLTtH 



(3) ®M¥6-2 0 5 7 4 7 

rsRSttaj^Ri:. iirE£«©jiLiKS&ttm-r-&jfii» 

tHUfctT^fcl/T. l(reiiM*iflKIBT©Jb«ENittil 
±*jiL*»«fc»*U&m©«ttR.. MEMR** 
ffi*rc©Jfe*©«ttfc*f«b&-f >y^^>XL. WE 
»K*««T?©jli«©«i#ttfc»«U&#«**C, £ 
J:c;ME*ffig|5T©AWfitfLi'M«Lfc^ 2 ©SiaRp 
10 t**U l»©A*«HPBKllWB»l©tttt*J:W 

SHMWWjatfEy/UfeMSU MBAa#?H]K* 
»«fi»«©BE**fc*»6 h &*a«^*#*fc t * fc 
MEIMt*ft*J:tfM 2 ©fitt©Pi«35^iaE«#»l» 
ft l fc*ftfB*ta*# s «fc o \z nsmm*m+ 
««c ; tx^©#ig»^»€-r*#aTf*D, «fEii«fi 

**>*©*. l9E«#ftl!IR»»©ft«»»*J«kt«iS 
a? *k:*^v>twe» i ©ffis. -f 

**j;tfg2©jgift©&it£*(ttu cns©*^* 

at, sjurrsctswatr*. m?m6\z%z% 

*»KiB»*©E*«fc#*Lfc*&flre£ tTMS© 
l»©*SJC»«l/fc«» tP*#f*««*»e 

(t) *«tffl-rat>©T?*D. ttn»tt»e (t) a. 

Ei*±^fi»jfliJBEtiBfiA£Et©JbffiilC#l5U&« 

0St<tu©jmw& 

e (t) =Eo + E. (1- (t/t,i) ) 

tp l ^t<t P ©«!Mtt. 

e (t) =Eo 

[0 0 0 6] 

»ic*"^eft#©«i»«/t5^-^!Wiftsn*. ± 
E»*S2t«s5swt«kn«, &#©##£««•$-£ 

«3ic^*5!Hjicj:n«, a#©«s«iJi/t7^-^* 

JWBKIt'3Tail«lCjBR-r*Ct«»T**. ±E^ 
*^4 $7S:tt5 lC^S%BjlC=kn«. ftHt»©«An% 

TfeO. lB»aiM©«wai*K«kDKt5 ! ;i'© 

-f >^^>A©ffls»Hi-r5©T?. mmmwty*- 

9m#te&n9miz*r)#fctzz:tifi*c%z. ±E 
»#JB6t«*56iBfc±nii. *»IRiB*&a©BE*»S 
ffi*JS=ft»fc«fcoT ; E7 I U>yL-C^*©Tr, $^tr 

5<7 (B#&isai«i«k:«toflsa»!B^9^-^**)e-rsi: 
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[0 0 0 7] 

<mmm<om^>m 1 itz.<D%w<D-mmm\z&m®. 

mmm> 2\tim^ammm^x$>^ zne>o>^ 

zm&m (7+a>f{§n) tLxtojjtz. m&&m 
&&iwm?z7j-u?fgmt, A/D^s3irA 
*sn. m%.(D-*>7i)>>fm%imzy :; y*)im\z& 
man*. 1 isftaasj^gg 2 H2ic^r<t 

1 [§ttttJft£ill£U *-©S'J£&§*£ 1 HHfitiiSx-* 
(x>>*;Wt#) tLTftiTrTS. £©8©ll9l«tH» 

ftsmwzmm-rz z. t*tr* *. 

[0 0 0 8] V-f ZOuyViL—i? A\t, *-#-K5 

ff 5. 

<DA/D«Kl»3*^UT#6n-S«l#»iW»©»* 



mx, ifflztt&vitm#wiJik&Mz#&z¥W\Mm 
<3> 1 mmm?-? && D&trftia 

©&/1 7 * —9 ffi-r 5 /t 5 * - ?&&9m 
®K7*-*mnmw\z&r)%e > nftrt ! 7*-*zmm* 

e=R. i +L (d i/d t) +v P 

ttSt i tJ, 

1 = I«+ i, 
= C (dvp/d t) + (v„/Rp) 



[0 0 0 9] <*SWt«fc*^T»fflLfc«»W ; ErJl' 
A. B3S3S§H*££c ; E5% 

J0 A#©»lll*©trHft*ttorr*»H©3fc. MRflWJK 
«T©*«fcJ:*««u tf»tt«T©jfti«EttttfcJ:*A* 
fifit Ctttt&ft) . «MB»T!©jMS0=i>75-f7>;* 
(tt#tt> fttf***T©jMHS« (ttttJgfit) 040 

>^tfcfc©-?&£. B4 KP3K**«fja(ctT^©@ 

-f >y^^>XL : MRft+ffiffi-?©Jhtt©1lttt [dy 
n • sVcm 6 ) 

# »*$*C :Si)!lij^*tBep-p©jf[lt©3>7 r 7'f7>X 
Ctt#tt) CcmVdyn) 
ft*, 3>:/5^7>*ifiM©#tf**aMrr*T* 
D, tt#tt©C:<!:T*-5. 

«MJ£fitR« : AltS4ttttT©iyft«m££«ifatf!& 
fit (dyn • s/cm 5 ) 

misfit Rp : mm^m^x<Dskm^mz^!k i §& 

fit Cdyn • s/cnf) 

C©«AIIIISrt©&ff£*ta««tti. i», ic 

#^^is-rs#gi5ssftnsjfiiii!£ tctf/s.) tcffla-r 

30 *. £©«^@Kt£l?;&n3ftSA;*}«JEett*I) 
Mjg&8B©ffi?J Cdyn/cm*) fcftlS-fS. *LT, »« 
£MC0JgT«ffivp tt, 8t»)MT0JE;fj Cdyn/cm 
») CftsrrS'fe©^**. 
[0 0 10] B. BBR******^*.]:^©** 

acta 4 izm-rmmmM^fk^jv^m^iz-o^xo) 



(1) 



.... (2) 
(dv./d t) 



t«-rct*tT***»6, ±ia^ (i) arias (3) 5k 

e = LC (d 2 vp/dt») + {RcC+ (L/R,) } 
+ (1 + (Rc/Rp) ) Vp 

.... (3) 

mtoom*). ±e* (3) fc=koT*$n^«fc5ft2^ r«i»<MF t. Tiem^es^s-r^ig 

©ft*fc«*»*aiC©HIWSf»4. ±fB5C (3) aB»t«0ftiCJ:oT#*6n*. 

0=LC (d j vp/dt 8 ) + {RcC+ (L/R,) } (dv./dt) 



(5) 0 5 7 4 7 

+ (1 + (R./Rp) ) v» 

.... (4) 

[0 0 11] (4) o*»*©J:5 *IEj£ (5) K<k:?T^3nsMgSim»£{SBrr5. 

fci/tt*&n*. *t\ *a>#85C (4) ©&£ltt* 

v P =Ae x p (s t) .... (5) 

£<7>5C (5) *sc (4) tc^Afst. a (4) «&©* x±5fc*an*ctt3!i:a. 

lLCs'+ (R.C + (L/Rp) ) s+ (1+ (Rc/Rp) ) } Vp = 0 

.... (6) 

*LT, ±BJC (6) Sst^Ti<i ( 

s= {- (R.C+ (L/Rp) ) 

±r ( (R.C+ (L/Rp) ) "-4LC (1+ (Rc/Rp) ) ) } /2LC 

.... (7) 

* (7) Kfc^T 

(ReC+ (L/Rp) ) 2 <4LC (1+ (Re/Rp) ) 

.... (8) 

T**«&fctt|g2ffl©«#y0>*#££fcD, £©$★ s tt«TO±5 fc«an*. 

s= {- (RcC+ (L/Rp) ) 

± jV~ (4LC (1+ (R«/Rp) ) - (ReC+ (L/Rp) ) ') } /2LC 
= -a± j o> 

.... (9) 

a= (RcC+ (L/Rp) ) /2LC 
= (L + RpR.C) /2LCRp 

.... (10) 

co= {^(4LC(l+(Rc/Rp)) - (RcC + (L/Rp)) 2 ) } /2LC 

.... (11) 

Ai=LC .... (12) 

A 2 = (L + RcRrC) /Rp .... (13) 

Aa= (Rc+Rp) /Rp .... (14) 

t&<t, ±ffij£ (l 0) £«fctf (1 1) ttfitToi^^^K^-r^tdiT^*. 

o=A2/2Ai .... (15) 

u*=f { (A3/A1) -a 2 ) • • • • (16) 

£©£3£LTs©fit:Wg£U ±i2»##@5S (4) tfT*. H6fc:fe^Tjfi«tt*0S*i 

*«j£-rs^#6.n?>. a±©tt^,ics^€, *sijs riri£e., e.. t f > t f >tnt, ttsoi^wtic 

n«««flftj«»*2i«lf*SCtUT±IB* (5) £ffl (JSSIMJkil) , E.+E.ttg^jfilffi ORttgiiLjEE) T 

V»*ittl/fc. *D, trttlttOPSIW. t»itt*»JW£®£S±*»D 

[0 0 12] *fc^RjB»««>ffi*SJB0 ; E5 i, J>y *6*OBE*^ftfijfc£E«ca:**T0ftBrP**. 

*fr5. -JRC*IMRfi»ffl50flE*a»ttBI5 0«t5a: 0£ tOnOKH: 

e=E. + E. (1- (t/tn) ) ••••(17) 

t»£t<t>®Kn: 

e=E» .... (is) 

*l/T. ±12 (1 7) SC*«ktf (l 8) SClCioTga ©iSfcifflHT-B. 

n-ss^ff^ e * a 4 v>mmm&\z\t> lxaoaphe o ^ t < t n ©era : 

vp=E.i.+B (1 - t/tb) 

+ D.iexp (-at) sin (a>t + 0i) 

♦ • • • (19) 

tri^t<tr©KRO: 50 



(6) #M¥6-2 0 5747 

9 10 
vp=Eii» 

+ D.j • exp {-a (t-tpi) } -sin {&> (t-tn) +62} 

• • • • (2 0) 

±IHS (19) fccktf (2 0) \Z&»Z&1Z8.<D 

*. ST, ±BaC (1 7) *5<fctf (1 9) £±IBftf«F 

m& o) tf^Af-st. T§e©a (2 1) ##sn 
5. 



±I2jS (19) ic^it5*am3a*cti;±i3ic (2 
o) \z&nttmm2^tmz®.whtzmmm®.ft 
(-lies; (5) fc»*-r*«b©) cnzomz 

*»&a%£Xfu>tt±&& (15) (16) fc«fc 

[0 0 13] c. Eas^^^x^co^^^-^t^* 

Eo+E. (1 - (t/tpi) ) 
= (1+ (R./Rp) ) (E... + B) 
- (B/tb) (R.C+ (L/Rp) ) t 

+ (LC (a'-to 2 ) D.i-aDoi (R.C+ (L/Rp) ) +D.i (1+ (Re 
/R P ) ) } exp (-at) sin (a> t +0i) 

+ {cdD.i (R c C+ (L/Rp) ) -2LCawD,i} exp (-at) cos 

(O)t+0l) 

.... (21) 

£©3t (2 l) *tfS5i-r^fcJ6lc(iJB(T©^#d^5T^ 

Eo+E.= (1+ (Rc/Rp) ) (E.1.+B) 

= E»+AsB- (B/tb) A2 
E./t P i= (B/tb) (1+ (R./Rp)) 
= B/ (tbAa) 

LC (a J -co J ) -a (RcC+ (L/R.) ) + (1+Rc/Rp) =0 

.... (24) 
RcC+ (L/Rp) =2LCa .... 
ftfc, ±iE5£®5%5£ (2 4) :}3,fctf (2 5) «a*J; 
r;w^}6)$T-5fc©Tab5^ KldiS (15) fcitf 
(16) ICtD^^nfea^Ar/wtt^CDCt^t^ 

Ed 

= (1 + (R c /Rp) ) Emin 

+ {LC (a 2 -co 2 ) D. 2 -a (RcC + (L/R») ) D.2 + (1+ (Rc/Rp 
) ) D„2} exp (-a (t-tpi) ) sin (id (t-t P i) + 0s) 
+ {a> (RcC+ (L/Rp) ) D.2-2LCaa>D. 2 } exp (-a (t-tpi 
) ) cos (a> (t - tpi) + 0z) 



(22) 



(2 3) 



.... (25) 
* (0 0 1 4] -jj. ±|EiC (1 8) £<fctf (2 0) £± 
Ett^^SSC (3) \zKA?Z>t. TfB©5£ (2 6) # 



£0>j£ (2 6) j&*jfc£1-5fc»fctt±t3SC (2 3) . 
(2 4) «»jjE4f -SCtWDA. TfBiS (2 7) 

Eo= (1 + (Re/Rp) ) E.i. 
= Aa Epi . 

[0 0 15] a±©±5 tl/T#6n&*»*8A 

(3) jwfc4-r*fca©*#sc < 2 2) ~ (2 5) . 

(2 7) K£c?#. 55 (1 9) fcitf (2 0) 

Ep I n 

= Eo/A 3 
^fCSC (2 3) ckDBti. 

B= (tbE,) / (tuAj) 
tts.%. #lI±fB5£ (2 2) fc±fBj£ (2 9) £ftAL* 
tb= (tuAj+Aa) /As 

50 



.... (26) 



.... (27) 

sr. E.i.tt±e* (27) «t 

0, 



(28) 



(29) 



* tbtr3vvr&<£. 

[0 0 16] *LT. 



(3 0) 

aofcJBRDi., Di. 



0i£<fc 



(7) 
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11 

tf0 2 «, «#»IR»»v,)fi«t = 0, t.i, tpfci^ 

a. J (1 9) © Vp (t , i) ti (2 0) © v 

b. JC (2 0) ©Vp (tp) tSC (1 9) ©vp (0) * 

Di.=/" { (Dn 2 +D 12 2 ) } /w 
0i=Dn/Di 2 

Dn= (voi-B) O) 

Di2= (voi-B) a+ (B/to) 

voi t iDittt = ot:*»jsv I t ip©ffl}B«x 

D 2 .=,T (D21 2 +D28 2 ) /cd 



12 



c. S (19) £J;r/5£ (2 0) ©t^pilCfcttSSS 

d. ^ (19) © t = o -e©®#«fc<fctfie (20) 
© t = t p \zmzMffl&tfi-^ctz c t 

.... (31) 
■ • • • (3 2) 

.... (33) 
+ (ioi/C) .... (34) 
*T£&5o Di«:|3«fctf0itt. 

.... (35) 
• • • • (3 6) 



02=D2l/D22 
D21 = V02 ' (0 

D22 = vo2 • a+ O02/C) 
T!»D, v*»t l»»ttt = tnT?©Vft i,©SI«!iit? 
i&So CO±5fcUTSC (1 9) *5J:tf (2 0) ©££ 

Rc= {L-2R f /" (LC (1-0J 2 LC) ) } /CR, 
tfti. Re3flS^T*oiEi:fc**frtt» 

4Rr 2 C/ { 1 + (2wRpC) 2 ) ^L^l/a> 2 C • • • • (4 0) 
T*So HKfcRt ©a—^ttl 0 3 (dyn-s/cm 6 ) g ^ (rad/s) £UT&£ t*T«fc V». JKDfc*. 5* (4 



.... (37) 
.... (38) 
★ CO 0 1 73 ST, S (1 6) 0ftM*fttt*&£irr 
5 £ t \z «t 0 * We©jfiL§gttRc », 



(3 9) 



0) ©T^ttS&l/co 2 Ci^tS. -ezlT, L£ 
.... (4i) 



£, CtilO" 4 (cm 6 /dyn) giTCfct), cofiM 
ttfcfiftl/TV>*fi»ri6»OftJ9SftT**3&»6 1 0£ 

L= 1/ (u 2 C) 
i^3< Rett. 

Rc=L/ (CRp) • • • (4 2) 

*fc. * (4 1) fc,ktf (4 2) ©H^OiC^J^ (1 5) ®tt££fta». 



a= 1/ (CRf) 
(4 1) j£~ (4 3) SC0HffSfflt>T, at 
ca&«Bg«»©Vi1*n*lt?, mtfM£©tRttL£Jf|* 
Rc = aL 
R f = a) 2 L/a 
C= 1/ (co 2 L) 
±5£ (4 4) ~ (4 6) iD, trJKO/^^ 

[0 0 18] CUT?, atft)tt«#«l»«©|ia!KK^ 40 

Lttl mamas VJC*tJ3K 
E»i= {Eo tp+ (tp 1 E./2) } /t» 



• • • • (4 3) 

.... (44) 

.... (4 5) 
.... (4 6 ) 

8&©E#i£©¥^ffiEoi[ittT©:£ (4 7) CcfcD#;L 



(4 7) 



-2f, Rc. Rp, a, w*3<tr;LfBltrfiTf2S: (4 8) ★ ★jWofctr*. 

Rc+R P = aL+ (co 2 L/a) = (a 2 +a> 2 ) L/a .... (48) 
*bT, HSSft^Sft^x^Sftns^^**, ^ftC±DftlRSKn4Jlii»©¥l%tt (SV/tp) leffl 

frS. ±ffiEoiSR« + R,fc±oT»»Ufc'bOtt. tt* S-T4*»6TEiC (4 9) 

SV/tp 

=1333.22 ( 1/tp) {Eo tp+ (tpiE»/2) } (a 2 +a> 2 ) / (aL) 

.... (49) 

fcfc, ±E5S(4 9) K*W-*1333.22ajEE*fiO*fl[ 50 SrmmHg^ Sdyn/cm 2 fciWTSfcaoJfcfllfcRTfcS. 



(8) 
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14 



Z(D£o\ZLTmt>ntt (4 9) ZL\Z-D^Tffi<Z * 0) *t&T©fiD8Sn*. 
tfCfct), l®aWftSV*^L^*^fcJ?)CDS (5* 
L 

=1333.22 (Eo t.+ (t 0l E»/2) } 



ft*, jb*S**3£-r*c:ifc«fcD±Ea (4 9) «po 
{Eo t P + (t,iE./2) } fcffi 

»6tiTV^*. *ft» Hv^9-ifcfcJ:*jh«E*Wie8 
Bfctt. jS^S^fiJfflLfct)©. I/-1f£?iJfflL£t>© 

[0 0 1 9] tt#fMfttt*&ZU|iltttlJft£B!S 

fc. *mmm\z&vz>'?'( zuziyvz.-? 4\m±m 

bj UfcW«c»^#iaK**«f>3asctx^©#*^ ©* 
©SSgSrfx?. 

[0020] <mmm<DWji¥>®6~i o\tz<Dm&m 
i \t¥%wm\z£Q®$nttmmmm*:iF;?$Lm 

S^W2 fcTOflsJMKJ: Df*&nfc«HMb«S»W 1 

*sasw©»fp*»wi"*. 
[0021] a. gfitosaj&tits 

mmW)®rty*-2<DWm*ff51z®L, WKf»B2 
fc*fJ:5fcffi*"fe>!J-S l*±tf*7#S2ftA#K 
tt*b. ajSJB^£^-3J?-H5A^A*-r-5. 149 30 
□ 3>tra-^4tt£©3T>HfcjWSrU JUS 

»*ti«ttffl«*i^aia. -©^. Kttwiam 
itj:D«i#iwifflw«ttaiaru £©8#»ii«tfc££r 

»*HrJ>*;HIWA/D»JW3*6ffl»*n. - 
£P#K Gttl#HD tfioTV-f^D3>tfi-^4fc 

Ctt»«»©«»«IR»»©«pjR«x5?^*©^!WR 0 

[0 0 2 2] OT^fcffiH 

fcttTl#m"C01«3fcD©W»OB£*». £©¥ 
*5R#£*»»K*#©f^«#£UTrtK© 
fcttTS CK±. Xf'^S 1) . H8C^©«fc5KU 

t**u c«rtfisnfca#ftK«»©ft*«»w i sen 
[ o o 2 3 ] <3> i @ttmftx-^m«ia 

ttl|IJfiai*H£S 2^88^**21*. 1 
®ftfflaaiiB82fcJ:Da«©l@ttHl«38«»!€3n. 50 



(a' + ca 1 ) / (a • SV) 

.... (50) 

[0024] ®/t5*-**HH»is 

*fcV-f * P 3 > tr jl-^ 4 ©fflSliXx v 7"S 3 tjt 

*-^>*»*ff*n*. z\<D)v-?><DmfT\z# 

Uf y7*S 10 9, S 1 1 7) , Ma, a)#ffl^- 

>jWfcff*n* Ufy^s2 0 3) . ht. ^n^»© 

[0 0 2 5] *t\ V-f ^D3>bTa-^4tt, /^E'J 
K*DaA/«l«»0«l»ftiaWS:'3V>T, JfiLEE*<g 
*tft*JBl#-f >FP lfc»JSUfc»IBti*J:tfA 
BEByifc, JH#-f>h©«. Jta£E«»-fl*atI» 2 

m>b\z%fovtzm®t2%&uik&mytt> 2#e 

*<ktfifiiffi#y3£;Jci&3. *fc. ^tUfcttD&A/fc 
ttttftiWSJRfc^ViTHflroi^mtf. ftttifaE«Ei.ii 
( (3) SCt (4) £a>£iflSfrlS£) U 
f«^S 10 1). a±«DjMfc±D. /t7^-^SS 

fflatijs.sft^x-^ tLTKTW^-rs >&©## 
s. 

Hi $4>h : t! = 0. 10 4 (s) . yi = l 2 3. 
4 (unHg) 

OuaiHg) 

1 (mmHg) 

ltt©»#ffi: t, = 0. 7 84 (s) 
SffiiljEE : E.id = 8 7. 7 (mmHg) 

1 @ffiffl-Sx-* : S V= 9 0 (cc/beat) 

ft*, »2>|?-f >hP2t»3#-f>hP3SEBTrs 

££#B»fcft«5#fci»fc©*#fctt. SS2<!:Sg3# 

-f >K©«fW* t 2 = 2 ti, t» = 3 titbT-e©^© 

jfilffififc&Srs. 

[0 0 2 6] -5-L/T. fhg©ffiR§ft©fc», H13IC* 
f A ^Oifiiffiffi y o S«WTyi-y 30 jEMflSffiS £fr 
^ Uf7^S 10 2, S 1 0 3) , BffliS (yo/ 
2) -0. ltefflHRJfcf* (Xf»^S10 4) . 

[0 0 2 7] fit, *©?ITB, tb. a, 

a. *r. B*yi/2^yiO«B*rtMs**fttBW 
£ tb £ t„/2~ tp©«5BT^{t;$-B: (+ 0. lffl 
HD , #B*±tftit3t>Tv, (ti) -yi, vp 



t> = 0. 2 6 4 (s) . y! = 93. 8 



t3 = 0. 3 8. (s) > y)=10 3. 



(9) 

15 

(tz) -yz, v, (ts) - y>ff%k'btl3.& a. d)£ 

b. a tC*^T3ca&;t B. tb, a. co©ff»Tv 
o (ti) -yi, v„ (t 2 ) -y2, v P (ts) -y3# 
g/h£&<5B, tb. a, a)^*^>o 

c. bfc*HT*»&B. tbSSfPlCLT, B±0. 

0 5, tb±0. 0 5©$6HT±Ea, bSff^SWf-f 
5. 

d. ±Ea~c®»a0B, ate3~l 0©tSB£0. 

©tt, SoCfeHT. dvp (t») /dt^OiS^ 
£-$HSSJBV>T*»& (010 #J8D . ft*. ±B# 

fflac*^Tv,©ttsjs»"r*ciBbic (3 3) ©si 
jmtv.i «*&-*-«. 

c ©.t 5 fc&aK «t o mmmz <t 5 k&x-? 

a = 4. 2 (s 1 ) . ©=2 4. 3 2 5 (rad/s) 
B = 2 7. 2 (mmHg) . t» = 0. 6 0 2 (s) 

[0 0 2 8] f. -eUT. tr>. E., E, £j£ (2 8) 
-(3 0), (4 4) ~ (4 6) CJt^TUfBI'S -37 

Uf'^S 12 3. S 1 2 4) . C©«**£JIT«* 

-r-S"b©^#5n-5. 

tn = 0. 5 8 8 (s) 
E. = 4 6. 5 (mmHg) 
Eo = 9 0. 3 (mmHg) 

g. ^LT. S (5 0) ll3ttffl*^6L©ffl 
Uf'^S 12 5). £|D©/X:M-*ffi£ 
S (4 4) ~ (4 6) ll«k DjftftS ttfy 1 2 

6) . £©&*, aT«*-r*/'*5*-***B&n6. 

L = 7. 02 1 (dyn-sVcm 5 ) 50 
C = 2. 4 07X1 0-' (cm 6 /dyn) 
Rc = 2 9. 5 (dyn -s/cm 6 ) 
R r = 9 5 8. 2 (dyn • s/cm 5 ) 

T©<fc-3i;:LTgffi-fS. 

TPR = Rc + Rf = 1 0 1 8. 7 (dyn -s/cm 5 ) 

[0029] ©w^iaa 

D3>tf3.-^4aL. C. Rc*«fc^Rf$rtb*Sfi^ 40 

^tu^-r* Uf-^s4) . 
[0 0 3 0] «S©fc©. »at&/^^-^T?sc (4 
0) MHW*£, 

6.9 6 9^L^7. 0 3 6 

tftO. j£ (4 1) ©ifi«ttS3T?»*2:^*.*. £ 

fc, hi 2ic*-rao. iwflLfc/^^-^&ffl^TW- 
nLitmmm^mtmm (lawowaB*) t 

\*m\Z£ < HftUTHi t Hit*. 

[0 0 3 1] B. %bh£ 
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13, ^©^-fr^ffiffl-r-s^.tc.fcDs^fcaioTa 
^-H5^e.A*-r^>. ;:©*£*, 0 6t*it^>xxy 

7S4 (W*M *«»7bfct. ^-fT^-feyhS 
^Sft (Xfy^S3) . 8B»«*fcttl2ttaMt:§tffi 

ttf«^s4) . c:©j;otcLT-^mra 

BT?«j|lftJ!l/^^-^©iliKWJIIS*<fffcn5. 
[0 0 3 2] <«»*!>*§891tt«±RWb&»«© 

(D nattrnMsvojuBesffto-f. mum©** 

«£U «#»IR*»©*C«fcDfiai««^5^-^S 

s»«ffi)4ifiT-r^©^ai5fc». Hues 

*fct*K##L©**R£U»5J;9fcl,T'b«k^. £ 
©«fc5fcllMEl,&«£, »K«ttKfHU«fcJ:0, £M 

(2) *»Ki6S&*©£E;&S#©*7 ! ;i'fcLT, =ft» 

Bi4tc*-r«t5a:#»asieffl"r*. £© 

(3) ±C*Ui«t:*V»Ttt, »iA5^-^*ft 
©«l#ftMS^tft ! bj:<-a-r5#»l61B^5^-^ 

»<t LT&Q&mzmmti.h<D&mtz z. tut*-? 

(4) ®#»j]»*J:tf 1 ®ffiffift©ffl£ffJ?rttH2 fc 

*?®m\zm%.-$nz>b<D-c\$ti.\,\ M*.tf¥irc*» 

T*#»K»»*«fetfl EFttHl«©PI**l«6bT'bJ: 
V>. £©«£, 5£<Tt>*t»©T?a# 

©aaauBsan*. ^mic*vir 1 nuata** 
«fctflftis»»**c»c*^Tajei/T"b«fcK 

[0 0 3 3] 

[%bj©^i*] &±RWu&j:5fc#5Mifc«fcntt. £ 
ao, ffi#©##«s#r*c:i&< 

mmoffimtt®.®] 

im i ] z\<Dm(D-mmwz^m&mvfm<Dm 



(10) 
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[0 3] m%%m\z&^Tkfr<D®im&v> : £ : r)vt\s 

[04] A#0^nKfiKffiOJlifiE«[»«^-rBT» 
[0 5 ] ±iEA»migtefficOJilflES[^S^ x'J>i/b 
[06] BgKW©*^^^--^--^* 

5„ 20 

[07] H^lSWOftfPSS-r^D-^ir-hT* 

[08] H5iiS^oii^^-r7P-5 i ^-h-ra& 

5. 

[09] H*««0»fPS*f7D-5 1 + -hT?* 
5. 
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[010] |^|||SWO«jfP£^t- 7D-ft~ hT& 
*. 

[011] ra*tt«©¥3flMic«k on&n&ttf 
[012] mmmm^mmmiz^ o # snfc$# ®> 

KS« tWttJH (cd; 0 ft 5 ttfc*tff»IRft# t *s 

[013] H**H®¥*Wfc*l9K:«k Dft 5n*:#f 

[014] ^ftjRgjeaojjuEs*©*]©^^** 
[ffftoiim 

i mtiL&temm. 2 lumt&ra&B, 4 



[01] 



atMift) 







A/D 




v>f ? 0 











OL EE 



1 



lUItS Hi* 



+ -#- K 



[02] 



[05] 





(11) 



&K!¥6-2 0 5 74 7 



[03] 



[04] 



Rc L 

-VKV— — '"8TO V 




■kms. 



[06] 



[01 l] 



i @fiaift© 



SI 



ZOOfuHgY 



15 0(mH K ]|-P1 



I 0 0(uHi 
5 QfaHg 



OfcuHg! 




Emln 

Ll 



•S2 



O.OO(s) 0.40(a) 0.80(»> 1 .2 0(a) 1.60(a) 3.00(3} 



[014] 



S3 E l_ 



— IP 











& 7 



S4 



S5 



[012] 



[013] 



2 0 OftjHg) 
1 6 OtmHs) 
t 0 OfaaHg) 
5 0(nH{) 











































Wl 









































0(nHg) 

0.00(3) 0.4 0(8) 0.8 0(8) 1.2 0(8) 1 .6 0(8) 2.0 0(8) 




(12) 



ttHPF6-2 0 5 7 4 7 



tp 

1 1, y i 

1 2, y s 

1 3 , y j 

i 



•SIOI 



y o— y i t p / ( t P - t i ) 
ymax*- y 0 



If 



S\02 



yo*-yo/ ymax 
y y i / ymax 
y a*- y z/ ymax 
y a*- y a/ ymax 



B- (yo/2) -0.1 
eps— 1 0 0 



-SI03 



■SI04 




SI05 



B> y 0 



epsf «- 1 0 
B *- B + 0. 1 
tb- ( tp/2) -0.1 

I 



SI06 



< 



t b > ^ 

o r 
eps > epsf 



t tb + 0.1 

I 



|1 a, a&m 





SI07 



Sill 



(13) 



2 0 5 7 4 7 



[08] 







a 


a 






0) 


*~ (A) 



SI2I 
SI22 



B- B'/Ymax 
tb- t'b 

* 



A 2-*~ 20/(1)' 



t p 1 — ( t b A 3 - As) / A 3 
E m «- ( t b A 3 - A 2 ) B/ t b 

— r- 



SI23 
SI24 



l o»Hi LrSI25 

Z3 — 



R c*~ a L 
Rp*- a 2 L /a 
C- 1 /w 2 L 



SI26 



(i) 
i 



yo-b; 1/ 

t b a— t'b 



I 



B«- y o-O. 06 



1/ 



SII2 

SI 13 




eps— 


1 0 




B «- 


B +0. 


01 




t bo — 


0.06 




eps >epsf 
0 r 

tb> t b o + 0-05 




epsf+-epsl 



(14) 



®8f¥6-2 0 5 7 4 7 



[09] 



(1 a, aSffl [) 
m zn= . V 



eps^-100 

I 



I 



(onus 



X 



S20I 
S202 

.S203 
,S204 



I v P ( t y , I 



JX 



v p ( t i ) - y i I 



it 



S205 



N 



' 3 ' /S206 
^S maa ^| v P (t 8 )- ygly * 



Smax""- 1 V P ( t 2 ) - y a | 



<1 



I V P ( t a) - y a | 

JZ 




S207 
S208 



Snax^ I V P ( t 3) - y 3 l| ^ 



S209 




S2I0 



+- ft) ^ 



S2II 




(15) 
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II 0] 



Q 6>»a p 



t)2«-3 5 



I 



S30! 



V 



S302 



d y *-d v P ( t 2 )/d 



a/ 



X 



S303 
S304 



<*>m— (.0) i + W2) / 2 



X 



d y m -d v p (t 2 )/d 



S305 



rv 

S306 




R 5 



[gfflB] ¥J&5¥1 1B26B 
[¥8tfftIEl] 

MjE**ft£3«] 00 0 7 
£M 

[0 0 0 7] 

[ISJ&0J] STF, HWSIMRU *£9!<Z>$)Ktt&l!29i 
<*««o*j«>ia 1 tt£©IBW©-S«W!KJ:*K» 

A#©»iw©«K»MW9*-*«iwr*. fc 



tugs. 2(4iiufiHittiiisiST*^o ^ns©5%. 

£#fcft#©JJOTfcS*3nfc*:7#SLL*#^* 
gfil^a^1--57^P^^ A/D&&3S3KA 
VTkmfrZ l @©Mz£0*a^*Jfii*©*Ta* 



(16) 



#^¥6-2 0 5 7 4 7 



(fy^JH^) £©tt©l[§#lfflfi 
[ffiIE*t£yBB£] 0 0 12 

[ooi2] mzxmmmp&t&omiiii&Mo^vyy* 

e=E„ + E. (1 - (t/t,i) ) 

t,i^t<t f ©KP B 1: 

e =E» 

*LT. ±m (1 7) 5!M3«ktf (1 8) ^.toTHS 

vf=E.i»+B (1- t/ti) 

+ D.i e x p (-at) sin (co t + 00 



*£fT5. HRfc*»M*ie^g>ffifttt»ttH 4 CP «fc o ft 

«fwse., e., t,, tuint, tt«o«nBtc 

(ttSffljhEE) , E. + E. \tmMsk& IMMWinB.) T 
&?L t , kt-«©l§|SJ. t ,!»*»»]£©&■£ ±#9 
j5> S-tC9E*j9tJW£ii£Efi \z ft 5 STCDlBf FbIT* 5. 
0^t<tp l ©EK: 
• • • • (17) 

• • • • (18) 
X<D&o\ZfrM?Z. 
0^ t<tn©EM : 



(19) 



tn^t<t?0KRa 



VP =Eiln 

+ D.2 • e x p {-a (t - tn) } 



s In lio ( t 



±E£ (1 9) ICiJtt^^ffl^S^i^iBiC (2 

<±es (5) k&js-ts &©) cn&©j»fc 

fcttSafcitfcoHLbiBjS (1 5) (1 6) fc£ 

[ffiEftft3ti«] 0 0 16 

[0 0 16] -£LT, Scfc^ScDi., Dj.. 0ifc<fc 

tfeiia, «#»iR»»v»*»t = o, t»i, t»fc*v>* 

Di.=/" { (Dn'+Dn 1 ) } /to 
0i= t a n' 1 (Dn/Diz) 

Dii = (voi— B— Eiu) 0) 



tn) +02} 
• • • • (2 0) 

a. £ (19) Ovp (t ,0 (20) © v 

» (t.o t*j-»-r*ct 

b. 5£ (2 0) ©v, (t P ) ti£ (19) ©v, (0) 

c. SC (1 9) £J;tf5£ (2 0) ©t = tpitl3rt-5M 

d. (19) © t = 0 T0*$H*ft*J:tfa (2 0) 

© t = t p fc*rt**Kmifc&«H8rra c t 
•ffcfc>%> D!.*5j;y:0itt» 

• • • • (3 1) 
• • • • (32) 



D12 = (voi-B-E.i.) a+ (B/tb) + (ioi/C) 



(33) 
• • (34) 



T*D, voi £ ■ioitt t = Ofc*»j-*v» tXc.WSJ^JfiTir 

D2.=V" (D21 l +D22 2 ) /a> 

02= t an' 1 (D2i/D2 2 ) 



t*T&5. Sfc, D2.^<t^02tt, 
• • • • (3 5). 
• • • • (3 6) 



fetch. ±te&5£{c:i5V>T 

D21 — (vo2 -E»n) co 



D22= (V02-E.1.) a+ (102/C) 

T$> D» vo 2 t_io2_ttt = triT©VFtJ^©t)a3fflT 
dOidCHtTSC (19) £<fctf (2 0) ©&£ 

[¥SMIE4] 



• • • • (3 7) 

• • • • (3 8) 

imm&smzi 0017 

[0 0 1 7] ST, it (1 6) ©ft«**ft)3&»6a»Jlf 



(17) 



#M¥6-2 0 5 7 4 7 



R c = {L-2Rf^ (LC (l-ttf'LC) ) } /CRp • 

4Rp*C/ (14- (2o>RpC) 2 1 ^L^l/o'C 
-)RCR» ^ttl 0 3 (dyn • s/cm 6 ) S 
CS10- 1 (cm 5 /dyn) nmn&Q* w«HR 

L=l/ (co 2 C) 

i*3<i. Rett. 

Rc=L/ (CRp) 
fcfc*. SC (4 1) fccktf (4 2) 0Nf|M:9£K 

a=l/ (CRr) 
(4 1) (4 3) 5£©M^£ffl^T, at 

Re = a L 
R t = co 2 L/a 
C=l/ (co 2 L) 
±SC (4 4) ~ (4 6) cfc(5, ^Ex;K7)/^^ 

[#»«liE5] 
[*tiE2t&ggi£] 
MiESirtKBB*] 0 0 2 0 
MlB&iH XH 
HEEft*] 

[0 0 2 0] <*iM!0lrfE>BI6~l OttCOHt&ft 

mmmwm&i mmm 
msExmmB&i 0025 

to 0 2 5] S1\ T-fim3>l£3.—*4tt, 

*fcfta»l#'f >hP lfc*M;Ufcl9Pnti*J;ttti 
ffifityii, ®l#-f>h©«. jfcLJEE*»-B.*iit»» 2 
#^>M£#Jfcb;fcBntifc«fclMEMy»£> 2#§ 
©tr-^^Tr***3#OhP 3JC»*Ufc»IBIt» 
:*3«fctflfilJEEfiiy 3 *&, ;^E'JICRQ&&& 

8#ISiUKJ&lC^TlW©l$Wtp. g<£lfilJ£fitEmin 
( (3) *t (4) 5£©Sgl3iBlC*§S) (X 
f y^S 1 0 1) . a±©«Sfc.fcD» K9*-99&L 

■5. 

mi#4 >h : ti = 0. 1 0 4 (s) . yi = 1 2 3. 
4 (mmHg) 



(3 9) 
• (40) 

* (rad/s) JK±Tfe-5t*T<t^. £©£&, £ (4 
0) ©Tl&te&Sl/w'C -€-^7?, LS 

.... (41) 

■ ■ • • (4 2) 

^ (15) ©MS£!&att, 

• • • • (4 3) 

★ was o ©/s 7 * -9 &mt)-r t . 

.... (44) 
.... (45) 
.... (46) 
Sg2jJW>h : t 2 = 0. 264 (s), y* = 93. 8 
(mmHg) 

»3#-Oh:t« = 0. 38. (s) , y»=l 0 3. 
1 (mmHg) 

i momm : t » = o . ? 8 4 (s) 

*(SAJEE : E.i» = 8 7. 7 (mmHg) 
1 Ulttttia^-? : SV=10 3. 1 9 (cc/beat) 
fci5, ^2^>hP2t^3#-f>hP3^KS'J-r^) 
££aiBji&&£Sfr&8fcifc©$£K:tt, 3fl2<i:!g3# 
-f>l-©&#IW£t 2 = 2 ti» ts = 3 titLTM» 
jfaffifil£ft?rr5. 
[-T-iKffiIE7] 

mim&mm%] mmm 
miEMmms^] 0028 

[0 0 2 8] f. fit, tn. E., E„£jS (28) 

~ (3 0) , (4 4) ~ (4 6) \zm-J^TW-m-tz> 

(Xfy^S 12 3, S 1 2 4) . £©tt**S!lT09* 

tpi = 0. 5 8 8 (s) 
E. = 2 7. 4 (mmHg) 
E« = 9 0 . 3 (mmHg) 

g. -tl/T, 5£ (5 0) 1 H}»tB»fr£ L ©fit 

Uf>^S 1 2 5) > 5S9©/^;*-^ffi£ 
St (4 4) ~ (4 6) iZZQ&tbZ (Xt'^S 1 2 
6) „ Z.<D^^ aT«*TS^7^-^)i«»6n*. 
L = 7. 0 2 1 (dyn • sVcm 5 ) 
C = 2. 407X1 0' 4 (cm 5 /dyn) 
Re = 2 9. 5 (dyn* s/cm 8 ) 
Rp = 9 5 8 . 2 (dyn • s/cm 6 ) 

%tc. mmmtf. w&mts.) ^*«jfiiWfi^TPRSr« 

TPR = R C +Rp = 1 0 1 8. 7 (dyn • s/cm 6 ) 



(18) 



®M¥6-2 0 5 74 7 



t.ts.%. 

mmmMBZ] 0030 
mm®] 

C0030] angofcft. iwttbfc/*?*-**csc (4 



0) fcWWSi. 

6. 9 6 9gLg 7. 0 2 1 

£&D, A (4 1) ©ifi^ttSSST* * 



